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METHODS FOR ESTABLISHING BEAM parameter indicating that no uplink beam sweeping is 
RECIPROCITY , RELATED WIRELESS needed , one or more downlink , DL , signals to the wireless 
DEVICES AND RELATED NETWORK device . The method comprises receiving a beam reciprocity 

NODES parameter from the wireless device . The beam reciprocity 
parameter indicates a qualitative measure of one or more 

The present disclosure pertains the field of wireless transmission beams of the wireless device . 
communications . More specifically , the present disclosure Finally , a network device is provided , the network device 
relates to methods for establishing beam reciprocity , related comprising : an interface module , a memory module , and a 
wireless devices and related network nodes . processing module , wherein the wireless device is config 

ured to perform any of the methods described herein . BACKGROUND It is an advantage of the present disclosure that the 
In 3rd Generation Partnership Project , 3GPP systems , disclosed methods enable dynamically adapting beam man 

beam correspondence , BC , is part of the air interface with agement to the conditions of communication channel 
the capability signaling to indicate whether uplink beam 15 between the wireless device and the network node . 
sweeping is needed to achieve beam reciprocity ( e.g. two The disclosure advantageously provides in one or more 
way beam reciprocity ) . Tx / Rx beam correspondence at a embodiments an improvement of the performance of the 
wireless device ( e.g. a user equipment , UE ) holds if at least uplink communication established using beam correspon 
one of the following is satisfied : i ) UE is able to determine dence in situations when it is otherwise difficult for the 
a UE Tx beam for the uplink transmission based on UE's 20 wireless device to determine an appropriate transmission 
downlink measurement on UE's one or more Rx beams ; ii ) beam due to the conditions affecting the communication 
UE is able to determine a UE Rx beam for the downlink channel . 
reception based on TRP's indication based on uplink mea 
surement on UE's one or more Tx beams . BRIEF DESCRIPTION OF THE DRAWINGS 

Measurement errors may influence the actual capability 25 
and performance of determining best beams . To overcome The above and other features and advantages of the 
the measurements errors , a capability parameter is set to present disclosure will become readily apparent to those 
indicate that UL beam sweep is always needed in order to skilled in the art by the following detailed description of 
fulfill BC . This may lead to an increased overhead . exemplary embodiments thereof with reference to the 

attached drawings , in which : 
SUMMARY FIG . 1A is a diagram illustrating an exemplary wireless 

communication system comprising an exemplary network There is a need for further optimization of the beam node and an exemplary wireless device according to this management in various conditions affecting the communi disclosure , cation between the wireless device and the network node . FIG . 1B is a diagram illustrating example beams of a Accordingly , there is a need for methods for establishing wireless device leading to sub - optimal BC performance , beam reciprocity , which mitigate , alleviate or address the 
shortcomings mentioned above and provide an improvement FIG . 2 is a flow - chart illustrating an exemplary method , 
of the beam performance by adapting to the conditions performed in a wireless device , for beam reciprocity with a 
affecting the communication between the wireless device 40 network node of a wireless communication system accord 
and the network node . ing to this disclosure , 

The present disclosure comprises a method performed by FIG . 3 is a flow - chart illustrating an exemplary method , 
a wireless device , wherein the wireless device is configured performed in a network node of a wireless communication 
to communicate , using a set of beams , with a network node system , for beam reciprocity with a wireless device accord 
of a wireless communication system . The method comprises 45 ing to this disclosure , 
receiving , on one or more receive beams , one or more FIG . 4 is a block diagram illustrating an exemplary 
downlink , DL , signals from the network node . The method wireless device according to this disclosure , and 
comprises determining one or more DL measurement FIG . 5 is a block diagram illustrating an exemplary 
parameters based on the received one or more DL signals . network node according to this disclosure . 
The method comprises determining whether the one or more 50 
DL measurement parameters satisfy a criterion . The method DETAILED DESCRIPTION 
comprises , when it is determined that at least one of the one 
or more DL measurement parameters does not satisfy a Various exemplary embodiments and details are described 
criterion , indicating to the network node a beam reciprocity hereinafter , with reference to the figures when relevant . It 
parameter , wherein the beam reciprocity parameter indicates 55 should be noted that the figures may or may not be drawn to 
a qualitative measure of one or more transmission beams of scale and that elements of similar structures or functions are 
the wireless device . represented by like reference numerals throughout the fig 

Further , a wireless device is provided , the device com- ures . It should also be noted that the figures are only 
prising : an interface module , a memory module , and a intended to facilitate the description of the embodiments . 
processing module , wherein the wireless device is config- 60 They are not intended as an exhaustive description of the 
ured to perform any of the methods described herein . invention or as a limitation on the scope of the invention . In 

The present disclosure further comprises a method , per- addition , an illustrated embodiment needs not have all the 
formed by a network node , wherein the network node is aspects or advantages shown . An aspect or an advantage 
configured to communicate , using a set of beams , with a described in conjunction with a particular embodiment is not 
wireless device via a wireless communication system . The 65 necessarily limited to that embodiment and can be practiced 
method comprises transmitting on one or more transmission in any other embodiments even if not so illustrated , or if not 
beams and according to a corresponding BC capability so explicitly described . 
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As discussed in detail herein , the present disclosure node is negatively affected ( e.g. even when the BC capa 
relates to a wireless communication system ( e.g. a mm Wave bility parameter is set to indicate that UL beam sweep is not 
wireless communication system ) . needed ) . 

The 3rd Generation Partnership Project , 3GPP , systems The figures are schematic and simplified for clarity , and 
are to operate with Tx / Rx beam correspondence at the 5 they merely show details which are essential to the under 
network node ( e.g. gNB , and / or Transmission Reception standing of the invention , while other details have been left 
point , TRP ) and the wireless device , so called UE , according out . Throughout , the same reference numerals are used for 
to the following rules . identical or corresponding parts . 

Tx / Rx beam correspondence at TRP holds if at least one FIG . 1A is a diagram illustrating an exemplary wireless 
of the following is satisfied : 10 communication system 1 comprising an exemplary network 
TRP is able to determine a TRP Rx beam for the uplink node 400 and an exemplary wireless device 300 according 

reception based on UE's downlink measurement on to this disclosure . 
TRP's one or more Tx beams . As discussed in detail herein , the present disclosure 

TRP is able to determine a TRP Tx beam for the downlink relates to a wireless communication system 1 comprising a 
transmission based on TRP's uplink measurement on 15 cellular system , e.g. a 3GPP wireless communication sys 
TRP's one or more Rx beams tem , e . g . a millimetre - wave communications system . The 

Tx / Rx beam correspondence at UE holds if at least one of wireless communication system 1 comprises a wireless 
the following is satisfied : device 300 and / or a network node 400 . 
UE is able to determine a UE Tx beam for the uplink The wireless device 300 is configured to communicate 

transmission based on UE's downlink measurement on 20 with a network of the wireless communication system 1 via 
UE's one or more Rx beams . a network node 400 . 

UE is able to determine a UE Rx beam for the downlink A network node disclosed herein refers to a radio network 
reception based on TRP's indication based on uplink node , such as a radio access network node operating in the 
measurement on UE's one or more Tx beams . radio access network , such as a base station , an evolved 

The 3rd Generation Partnership Project , 3GPP , system 25 Node B , eNB , gNB . The network node may comprise a 
provides that beam correspondence is mandatory with the transmission reception point , TRP . In one or more embodi 
capability signaling definition as follows . For example , a UE ment , the network node may comprise a plurality of TRPs . 
that fulfills the beam correspondence requirement without Example of network nodes include a panel , an access point 
the uplink beam sweeping is to set the BC capability bit to and a different UE ( e.g. in case of side link ) . 
1. For example , a UE or wireless device that fulfills the beam 30 The wireless communication system 1 described herein 
correspondence requirement with the uplink beam sweeping may comprise one or more wireless devices 300 , 300A , 
is to set the BC capability bit to 0 . and / or one or more network nodes 400 , such as one or more 

Measurement errors may influence the actual capability of : a base station ( BS ) , an eNB , a gNB and / or an access 
and performance of determining best beams . To overcome point . 
the measurements errors , a BC capability parameter is set to 35 A network node may refer to an entity of a wireless 
indicate that UL beam sweep is always needed ( e.g. BC network of the wireless communication system , used for 
capability set to 0 ) in order to fulfill BC . This leads to an establishing and controlling an air interface for communi 
increased overhead which can be avoided by the disclosed cation with one or more wireless devices . 
technique . A wireless device may refer to as one or more of : a mobile 

The BC capability bit can be interpreted as providing a 40 device , a mobile or stationary computer , a tablet , a smart 
good BC performance versus a poor BC performance . There wearable device , and a smart phone device . In specifications 
are several factors causing measurement errors affecting the under 3GPP , a wireless device is generally referred to as a 
performance of the communication using BC . Some factors user equipment , UE . 
are directly related to implementations issues in the hard- The wireless device 300 , 300A may be configured to 
ware , HW design ( e.g. different antenna elements or con- 45 communicate with the network node 400 via a wireless link 
figurations are possible for UL / DL ) . Other factors may relate ( or radio access link ) 10 , 10A . 
to implementation of algorithms ( e.g. SW defining different For example , the wireless device 300 is configured to 
antenna configurations ( beam shapes ) for UL / DL ) . There are determine a Tx beam for the uplink transmission based on 
also environmental factors , e.g. Signal to Noise Ratio , SNR , downlink measurement on one or more Rx beams of the 
in DL synchronization signal ( e.g. a Synchronization Signal 50 wireless device . 
Block , SSB and / or a Channel State Information Reference The wireless device 300 comprises a wireless interface 
Signal , CSI - RS ) , and / or e.g. in an interference situation 301 comprising an antenna panel 301A and optionally an 
( SINR ) seen by the network node or the UE . Environmental additional antenna panel 301B . An antenna panel may 
factors make it hard for the UE to estimate optimal rx - beam comprise one or more antenna elements , e.g. one or more 
( and can therefore cannot determine what tx - beam is the 55 antenna arrays . 
best ) even if HW / SW allows BC to be used . FIG . 1B is a diagram 2 illustrating example beams of a 
BC performance is affected by dynamic factors , such as wireless device leading to sub - optimal BC performance . 

noise and interference affecting the communication between FIG . 1B illustrates an incorrect decision regarding beam 
a wireless device and a network node . A static BC capability direction made by the wireless device . 
signaled to the network node may lead to a sub - optimal BC 60 BC capability signalling is used to indicate whether or not 
performance . the wireless device needs uplink beam sweeping in order to 

The present disclosure proposes to identify poor condi- fulfil BC requirement . In other words , If the network node 
tions and to adjust selected transmission beams based on the determines that a beam does not satisfy the BC requirement , 
conditions or factors affecting the communication between the network node may request UL beam sweep and / or adjust 
the wireless device and the network node by indicating to the 65 power control and / or re - schedule . Based on the UL beam 
network node a beam reciprocity parameter when the com- sweep , the network node helps the wireless device to select 
munication between the wireless device and the network an optimal UL beam . The ability for the wireless device to 
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determine an appropriate ( e . g . correct , e.g. well - perform- shown that for low SNR in the DL signal ( i.e. noise level is 
ing ) beam direction is based on measurements of the down- high ) the estimation of correct spatial filter for the UL is poor 
link , DL synchronization signal ( SSB or CSI - RS ) . if based only on DL measurements . The wireless device 

According to 3GPP specification TS 38.2144 : “ For the disclosed herein may in one or more embodiment indicate to 
purpose of SS - RSRP , SS - RSRQ and SS - SINR measure- 5 the network node with the beam reciprocity parameter that 
ments , the UE may assume downlink EPRE is constant UL beam sweep is necessary in order to estimate the UL 
across the bandwidth . For the purpose of SS - RSRP , SS- spatial filter with good quality in the estimation . 
RSRQ and SS - SINR measurements , the UE may assume Assessing beam performance may be part of a continuous 
downlink EPRE is constant over SSS carried in different process to manage the beams in mobility scenarios . For 
SS / PBCH blocks ” . 10 example , the following process may take place : 1 ) BS have 

There is thus no reason for the wireless device to assume BC capability parameter , 2 ) BS sweeps DL tx - beams , 3 ) UE 
different Energy Per Resource Element , EPRE and thus , sweeps rx - beams , 4 ) The strongest beam of the UE is 
ideally and without any noise or interference the wireless selected amongst the rx - beams swept — we have DL beam 
device may be capable of correctly determining the strongest reciprocity , 5 ) Based on an assumed UE BC capability 
UE beam and thus correctly determining the correct spatial 15 parameter , the UE selects the same UL tx - beam and 6 ) if the 
filter ( e.g. beam ) to be used for the subsequent communi- UE successfully transmits ( e.g. hits ) the BS ( on its rx 
cation . However , in non - ideal situation as explained above , beam ) we have beam reciprocity also in the UL . 7 ) If 6 ) 
various factors may have the determination and an incorrect fails , UL beam sweeping is initiated by BS or UE . 
decision on the beam may be done by the wireless device . For example , in step 4 , if the SINR becomes low , the 
FIG . 1B shows an example of an incorrect decision made 20 wireless device disclosed herein indicates a beam reciprocity 

by the wireless device comprising an antenna or antenna parameter signals to the network node to indicate a poor 
panel 301A . The antenna 301A radiates a first beam 22 , a qualitative measure of one or more transmission beams of 
second beam 24 and a third beam 26. In this example , the the wireless device . 
measurement with measurement angle 28 is associated with FIG . 2 shows a flow diagram of an example method 100 
an error which may be related to e.g. added noise or 25 performed by a wireless device according to the disclosure . 
interference . In FIG . 1B , 38 represents the measurement The method 100 is performed for establishing a beam 
( e.g. an antenna gain , and / or Effective Isotropic Radiated reciprocity , such as for improving the beam reciprocity , such 
Power , EIRP ) assuming no noise or interference . 32 repre- as for improving beam management . 
sents the value ( e.g. measured received signal strength ) The wireless device is configured to communicate , using 
determined by the wireless device including noise or inter- 30 a set of beams , with a network node via a wireless commu 
ference . In this example , it is assumed the wireless device nication system ( e.g. a mm Wave wireless communication 
has a fixed codebook , i.e. the wireless device has to choose system ) . A beam may be formed resulting from beamform 
a beam among a set of pre - determined beams 22 , 24 , 26 and ing of anten patterns at the wireless device and / or at the 
none of the beams is pointing perfectly to the network node . network node . A beam may be formed at either side inde 
An appropriate or optimal beam , in this example , is the 35 pendently . When two beams point to each - other , beam 
second beam 24 with a measured received signal strength 30 reciprocity ( BR ) is achieved . For example , when UL and DL 
and antenna gain 36. However , due to the added noise in the beam is the same at one side , e.g. at an entity ( e.g. wireless 
measurement , the measurement of the third beam 26 deter- device or network node ) , then the side or entity has BC . 
mines the highest value as shown by 32. Consequently , the When the wireless device beam and the network node beam 
wireless device fails to choose the truly appropriate or 40 in either UL or DL finds each other , beam reciprocity is 
optimal beam . The present disclosure addresses , inter alia , in achieved . 
one or more embodiment the suboptimal determination of In other words , beam reciprocity relates to alignment of 
beam correspondence illustrated in this example . the rx - beam and tx - beam in either UL or DL ( e.g. how 
A quality of the measurement on the DL synchronization aligned are the Tx beam of UE with the rx - beam of the BS ) . 

signal may also be based on factors such as HW implemen- 45 The method 100 comprises receiving S102 , on one or 
tation of the measurement receiver of the wireless device . more receive beams , one or more downlink , DL , signals 
Another factor leading to a suboptimal determination on UL from the network node . The one or more receive beam ( e.g. 
beam based on DL synchronization signal may e.g. be a rx - beams ) may be configured with BC capability parameter 
mismatch between DL and UL precoders ( i.e. beam form- indicating that no UL beam sweeping is needed to fulfil the 
ers ) . There may be an uncertainty due to implementation , 50 BC requirement . 
which may be constant over time . The method 100 comprises determining S104 one or more 
As described above the quality of the measurement of the DL measurement parameters based on the received one or 

DL synchronization signal and thus the quality of the more DL signals . The one or more measurement parameters 
estimation on the optimal , appropriate or correct UL spatial may be indicative of the radio or channel conditions and / or 
filter ( i.e. beam ) depends on the noise in the measurements 55 indicative of hardware noise . The one or more measurement 
and thus the SNR of the DL synchronization signal , as well parameters may comprise SNR signal - to - noise - ratio , and / or 
as the interference situation seen by the wireless device . SINR signal - to - interference - and - noise - ratio . For example , 
Since neither the SNR nor the interference situation can be despite BC capability parameter indicating that no UL beam 
regarded as static , the present disclosure provides a dynamic sweeping is needed to fulfil the BC requirement , DL mea 
beam reciprocity parameter to signal a performance measure 60 surement parameters may be indicative of a poor perfor 
of the transmission beams of the wireless device . mance of the corresponding beam . 

For example , it may be appreciated that the present The method 100 comprises determining S106 whether the 
disclosure proposes to enable , in one or more embodiments , one or more DL measurement parameters satisfy a criterion . 
by a beam reciprocity parameter indicated to the network In one or more example methods , the criterion comprises at 
node , an UL beam sweeping based on measurements of the 65 least one threshold . In other words , determining whether the 
DL synchronization signal and / or the interference situation one or more downlink measurement parameter satisfy the 
seen by the network node . In the example of FIG . 1B , it is criterion may comprise determining whether the one or more 
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downlink measurement parameter is below the threshold . In one or more example methods , indicating S108 the 
The criterion may be based on a direction , and / or a beam beam reciprocity parameter to the network node comprises 
ranking based on detected signal strength . For example , the transmitting S108A to the network node a control signal 
one or more DL measurement parameters may be indicative comprising the beam reciprocity parameter . For example , 
of a poor performance of the corresponding beam when the 5 the control signal may indicate the beam reciprocity and 
one or more downlink measurement parameter is below the indicates the need for radio resource management procedure 
threshold . from the network node ( e.g. power control , re - scheduling , 

The method 100 comprises , when it is determined that at and / or UL beam sweep ) or no action from the network node 
least one of the one or more DL measurement parameters in order to maintain a satisfactory or good UL BR perfor 
does not satisfy a criterion , indicating S108 to the network 10 mance . For example , the control signal is based on the 
node a beam reciprocity parameter , wherein the beam reci- condition that the wireless device determines dynamically . 
procity parameter indicates a qualitative measure of one or In one or more example methods , indicating S108 the 
more transmission beams of the wireless device . Stated beam reciprocity parameter comprises requesting UL beam 
differently , the beam reciprocity parameter indicates a quali- sweeping to the network node . 
tative measure of the performance of the one or more 15 In one or more example methods , the method 100 com 
transmission beams of the wireless device . For example , the prises transmitting S110 , on the one or more device trans 
beam reciprocity parameter may indicate poor performance mission beams , one or more UL signals to the network node . 
of the one or more transmission beams of the wireless device Transmitting S110 may take place in a link setup phase or in 
when at least one of the one or more DL measurement general when the link is broken or SINR degrades . A 
parameters does not satisfy the criterion . When performance 20 resources may be predefined for the wireless device to use 
is poor for a transmission beam , the BC cannot be guaran- if the wireless device needs them . If the UL resources are 
teed ( e.g. the BC requirement is not fulfilled even if the BC used by the wireless device , the network node detects this as 
capability parameter indicates that BC requirement is ful- a request . UL pilot resources may be associated with the DL 
filled without UL beam sweeping ) . beam and the network node is capable of determining what 

The beam reciprocity parameter may indicate a BC prop- 25 DL beam to use when DL transmissions . In one or more 
erty . For example , beam reciprocity parameter at the wire- example methods , the method 100 comprises receiving S112 
less device may indicate performance or quality measure of from the network node a beam reporting signal indicative of 
a UE tx - beam for the UL transmission based on UE's DL a transmission beam selected by the network node . In one or 
measurement on UE's one or more rx - beams . more example methods , a transmission beam is used for 
As explained above , the DL measurement parameters are 30 uplink transmission . 

affected by various factors , which may lead to measurement In one or more example methods , the one or more DL 
errors and lead to the DL measurement parameters not measurement parameters comprise one or more of : a signal 
satisfying the criterion , this sub - optimal situation is to be to noise ratio , SNR , a signal interference and noise ratio , 
indicated by the wireless device to the network node by the SINR , and received signal strength . In one or more example 
beam reciprocity parameter disclosed herein . The beam 35 methods , the one or more DL measurement parameters 
reciprocity parameter may be indicative of measurement comprise a power ratio between DL receive beams . he one 
error or measurement uncertainty . The beam reciprocity or more DL measurement parameters comprise input from 
parameter may be indicative of quality measure indicating a sensors , e.g. proximity sensors and / or a radar echo . In one or 
poor or sub - optimal performance of the one or more trans- more example methods , the one or more DL signals com 
mission beams of the wireless device . 40 prise one or more of : a synchronization signal and / or a 

Indicating S108 to the network node the beam reciprocity reference signal . 
parameter may comprise implicitly indicating the beam A synchronization signal and / or a reference signal may 
reciprocity parameter to the network node e.g. by using a for example include one or more of : a DL synchronization 
pre - existing signal or message . signal , SS , ( e.g. a SS block SSB ) , or a Channel State 

For example , the beam reciprocity parameter may be 45 information reference signal , CSI - RS . For example , for the 
implicit by performing UL beam sweeping or by using purpose of SS - RSRP , SS - RSRQ and SS - SINR measure 
available resources . Indicating S108 the UL beam sweeping ments , the UE may assume downlink EPRE is constant 
may comprise generating S108B the UL beam sweeping . across the bandwidth . For the purpose of SS - RSRP , SS 
The wireless device thereby indicates that the transmission RSRQ and SS - SINR measurements , the UE may assume 
beam is not of sufficient quality to allow the wireless device 50 downlink EPRE is constant over SSS carried in different 
to communicate with satisfactory performance . The wireless SS / PBCH blocks . 
device may perform DL measurements . For example , from In one or more example methods , the one or more UL 
the DL measurements , the wireless device determines signals comprise one or more of : a reference signal , a pilot 
whether an UL beam sweep is needed for good quality in UL signal , DeModulation , DM , reference signal . A reference 
spatial filter or not . For example , if it is determined that UL 55 signal may be e.g. a sounding reference signal , SRS . 
beam sweep is needed , then the wireless device indicates to FIG . 3 shows a flow diagram of an example method 200 
the network node the beam reciprocity parameter . performed by a network node according to the disclosure . 

This may advantageously lead to a dynamic beam reci- The network node is configured to communicate , using a 
procity based on current conditions of Rx / Tx between set of beams , with a wireless device via a wireless commu 
wireless device and network node including HW noise . 60 nication system . 
Thus , this enables an improved UL communication . The method 200 comprises transmitting S202 , on one or 

In one or more example methods , the method comprises : more transmission beams and according to a corresponding 
when it is determined that at least one of the one or more DL BC capability parameter indicating that no uplink beam 
measurement parameters satisfies a criterion , indicating sweeping is needed , one or more downlink , DL , signals to 
S107 to the network node a positive beam reciprocity 65 the wireless device . The method 200 comprises receiving ( or 
parameter indicative of satisfactory quality of the transmis- detecting ) S204 a beam reciprocity parameter from the 
sion beams of the wireless device . wireless device , wherein the beam reciprocity parameter 

a 

a 

a 



a 

a 

US 11,489,577 B2 
9 10 

indicates a qualitative measure of one or more transmission comprises an antenna or antenna panel 301A . The wireless 
beams of the wireless device ( e.g. a qualitative measure interface 301 may comprise a plurality of antenna panels 
indicating a poor or suboptimal performance of the one or including a first antenna panel 301A and a second antenna 
more transmission beams of the wireless device ) . panel 301B . The wireless device 300 may be configured to 

Receiving S204 a beam reciprocity parameter from the 5 perform any of the methods disclosed in FIG . 2 . 
wireless device , wherein the beam reciprocity parameter The wireless device 300 is configured to communicate 
indicates a qualitative measure of one or more transmission with a network node , such as network node 400 disclosed 
beams of the wireless device , may comprise detecting UL herein , using a wireless communication system ( as illus 
beam sweeping . This may advantageously improve UL trated in FIG . 1 ) . The wireless interface 301 is configured to 
performances by allowing a better beam to be used for UL . 10 communicate with the network node via a wireless commu 
In one or more embodiments , the beam reciprocity param- nication system , such as a 3GPP system , such as millimetre 
eter indicates a qualitative measure of a UE tx - beam for the wave communication system . 
UL transmission selected based on UE's DL measurement The wireless device 300 is configured to , via the wireless 
on UE's one or more rx - beams , and / or interface 301 , receive , on one or more receive beams , one or 

Receiving S204 the beam reciprocity parameter may 15 more downlink , DL , signals from the network node . 
comprise determining S204A a radio resource management The wireless device 300 is configured to , via the processor 
procedure . Radio resource management procedure com- module 303 , to determine one or more DL measurement 
prises a power control procedure , a re - scheduling procedure , parameters based on the received one or more DL signals . 
and / or an UL beam sweeping procedure . The wireless device 300 is configured to , via the processor 

In one or more example methods , the method 200 com- 20 module 303 , to determine whether the one or more DL 
prises performing S206 UL beam sweeping . In one or more measurement parameters satisfy a criterion ; and when it is 
example methods , performing S206 UL beam sweeping determined that at least one of the one or more DL mea 
comprises receiving 5206A , on one or more receive beams , surement parameters does not satisfy a criterion , to , via the 
one or more UL signals from the wireless device . For wireless interface 301 , indicate to the network node a beam 
example , the network node may use multiple of rx - beams for 25 reciprocity parameter disclosed herein . 
a sweep in a multiplexed manner to receive the UL signals The processor module 303 is optionally configured to 
transmitted from each of multiple tx - beams in each direc- perform any of the operations disclosed in FIG . 2 , e.g. S107 , 
tion . For example , the network node side may provide S108 , S108A , S108B , S110 , S112 . The operations of the 
resources to measure beamformed channel of different com- wireless device 300 may be embodied in the form of 
binations of beams from the network node and beams of the 30 executable logic routines ( e.g. , lines of code , software 
wireless device ( e.g. in a multiplexed manner ) . For example , programs , etc. ) that are stored on a non - transitory computer 
the network node performs periodic beam sweeping by readable medium ( e.g. , the memory module 302 ) and are 
receiving UL reference signal ( s ) carried on individual tx- executed by the processor module 303 ) . 
beams of the wireless device . For example , the network Furthermore , the operations of the wireless device 300 
node can determine one or more UL measurement param- 35 may be considered a method that the wireless module is 
eters by using different rx - beams , and select an optimal configured to carry out . Also , while the described functions 
tx - beam of the wireless device and inform the wireless and operations may be implemented in software , such func 
device accordingly of the optimal tx - beam or of the mea- tionality may as well be carried out via dedicated hardware 
surement results . or firmware , or some combination of hardware , firmware 

In one or more example methods , the method 200 com- 40 and / or software . 
prises determining S208 one or more UL measurement The memory module 302 may be one or more of a buffer , 
parameters based on the received one or more UL signals . a flash memory , a hard drive , a removable media , a volatile 
The UL measurements parameter include e.g. power mea- memory , a non - volatile memory , a random access memory 
surement , SNR , and / or SINR . ( RAM ) , or other suitable device . In a typical arrangement , 

In one or more example methods , the method 200 com- 45 the memory module 302 may include a non - volatile memory 
prises selecting S210 one or more transmission beams based for long term data storage and a volatile memory that 
on the one or more UL measurement parameters . In one functions as system memory for the processor module 303 . 
more example methods , a transmission beam is used or The memory module 302 may exchange data with the 
intended for uplink transmission . processor module 304 over a data bus . Control lines and an 

In one or more example methods , the method 200 com- 50 address bus between the memory module 302 and the 
prises transmitting S212 to the wireless device a beam processor module 303 also may be present ( not shown in 
reporting signal indicative of one or more transmission FIG . 3 ) . The memory module 302 is considered a non 
beams selected by the network node . The beam reporting transitory computer readable medium . 
signal may comprise a list of UL beam identifiers corre- FIG . 5 shows a block diagram of an exemplary network 
sponding to selected one or more tx - beams to be used by the 55 node 400 according to the disclosure . The network node 400 
wireless device . Alternatively , each UL tx - beam have asso- comprises a memory module 401 , a processor module 402 , 
ciated resources and the network node may address the and a wireless interface 403. The wireless interface 403 
strongest beam by transmission in the associated resources . comprises an antenna or antenna panel . The wireless inter 

In one or more example methods , the one or more DL face may comprise a plurality of antenna panels . The net 
signals comprise one or more of : a synchronization signal 60 work node 400 may be configured to perform any of the 
and / or a reference signal . methods disclosed in FIG . 3 . 

In one or more example methods , the one or more UL The network node 400 is configured to communicate with 
signals comprise a reference signal . a wireless device , such as wireless device 300 disclosed 
FIG . 4 shows a block diagram of an example wireless herein , using a wireless communication system ( as illus 

device 300 according to the disclosure . The wireless device 65 trated in FIG . 1 ) . The wireless interface 403 is configured to 
300 comprises a wireless interface 301 , a processor module communicate with the wireless device via a wireless com 
303 , and a memory module 302. The wireless interface 301 munication system , such as a 3GPP system , such as milli 
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metre - wave communication system . The wireless interface 3. The method according to any of items 1-2 , wherein 
403 may comprises one or more antenna panels 403A , 403B . indicating ( S108 ) to the network node the beam reciprocity 

The network node 400 is configured to , via the wireless parameter comprises generating ( S108B ) an uplink , UL , 
interface 403 , transmit , on one or more transmission beams beam sweeping . 
and according to a corresponding BC capability parameter 4. The method according to any of the previous items , the 
indicating that no uplink beam sweeping is needed , one or method comprising : 
more downlink , DL , signals to the wireless device . transmitting ( S110 ) , on the one or more transmission 

The network node 400 is configured to , via the wireless beams , one or more UL signals to the network node ; 
interface 403 , receive a beam reciprocity parameter from the receiving ( S112 ) from the network node a beam reporting 
wireless device , wherein the beam reciprocity parameter signal indicative of a transmission beam selected by the 
indicates a qualitative measure of one or more transmission network node or indicative of a beam correspondence , BC . 
beams of the wireless device ( e.g. a qualitative measure 5. The method according to any of the previous items , 
indicating a poor or suboptimal performance of the one or wherein the one or more DL measurement parameters com 
more transmission beams of the wireless device ) . prise one or more of : a signal to noise ratio , SNR , a signal 

The processor module 402 is optionally configured to to interference and noise ratio , SINR , and / or a received 
perform any of the operations disclosed in FIG . 3 , e.g. signal strength . 
S204A , S206 , 5206A , S208 , S210 , S212 . The operations of 6. The method according to any of the previous items , 
the network node 400 may be embodied in the form of wherein the one or more DL signals comprise one or more 
executable logic routines ( e.g. , lines of code , software 20 of : a synchronization signal and / or a reference signal . 
programs , etc. ) that are stored on a non - transitory computer 7. The method according to any of items 4-6 , wherein the 
readable medium ( e.g. , the memory module 401 ) and are one or more UL signals comprise a reference signal . 
executed the processor module 402 ) . 8. The method according to any of the previous items , 

Furthermore , the operations of network node 400 may be wherein the criterion comprises at least one threshold . 
considered a method that the wireless device is configured to 25 9. A method , performed by a network node , wherein the 
carry out . Also , while the described functions and operations network node is configured to communicate , using a set of 
may be implemented in software , such functionality may as beams , with a wireless device via a wireless communication 
well be carried out via dedicated hardware or firmware , or system , the method comprising : 
some combination of hardware , firmware and / or software . transmitting ( S202 ) , on one or more transmission beams 
The memory module 401 may be one or more of a buffer , 30 and according to a corresponding BC capability parameter 

a flash memory , a hard drive , a removable media , a volatile indicating that no uplink , UL , beam sweeping is needed , one 
memory , a non - volatile memory , a random access memory or more downlink , DL , signals to the wireless device ; and 

receiving ( S204 ) a beam reciprocity parameter from the ( RAM ) , or other suitable device . In a typical arrangement , wireless device , wherein the beam reciprocity parameter 
the memory module 401 may include a non - volatile memory 35 indicates a qualitative measure of one or more transmission for long term data storage and a volatile memory that beams of the wireless device . 
functions as system memory for the processor module 402 . 10. The method according to item 9 , wherein receiving The memory module 401 may exchange data with the ( S204 ) the beam reciprocity parameter comprises determin 
processor module 402 over a data bus . Control lines and an ing ( S204A ) a radio resource management procedure . 
address bus between the memory module 401 and the 40 11. The method according to item 10 , wherein the radio 
processor module 402 also may be present ( not shown in resource management procedure determined is the UL beam 
FIG . 5 ) . The memory module 401 is considered a non- sweeping , the method comprising performing ( S206 ) the UL 
transitory computer readable medium . beam sweeping on one or more receive beams . 

Embodiments of methods and products ( network node 12. The method according to item 11 , wherein performing 
and wireless device ) according to the disclosure are set out 45 ( S206 ) the UL beam sweeping on the one or more receive 
in the following items : beams comprises : 

1. A method for establishing beam reciprocity , performed receiving ( S206A ) , on the one or more receive beams , one 
by a wireless device , wherein the wireless device is config- or more UL signals from the wireless device . 
ured to communicate , using a set of beams , with a network 13. The method according to item 12 , the method com 
node of a wireless communication system , the method 50 prises : 
comprising : determining ( S208 ) one or more UL measurement param 

receiving ( S102 ) , on one or more receive beams , one or eters based on the received one or more UL signals ; and 
more downlink , DL , signals from the network node ; selecting ( S210 ) the one or more transmission beams 

determining ( S104 ) one or more DL measurement param- based on the one or more UL measurement parameters . 
eters based on the received one or more DL signals ; 14. The method according to item 13 , the method com 

determining ( S106 ) whether the one or more DL mea- prises transmitting ( S212 ) to the wireless device a beam 
surement parameters satisfy a criterion ; and reporting signal indicative of the one or more transmission 
when it is determined that at least one of the one or more beams selected by the network node . 

DL measurement parameters does not satisfy a criterion , 15. The method according to any of items 9-14 , wherein 
indicating ( S108 ) to the network node a beam reciprocity 60 the one or more DL signals comprise one or more of : a 
parameter , wherein the beam reciprocity parameter indicates synchronization signal and / or a reference signal . 
a qualitative measure of one or more transmission beams of 16. The method according to any of items 12-15 , wherein 
the wireless device . the one or more UL signals comprise a reference signal . 

2. The method according to item 1 , wherein indicating 17. A wireless device comprising an interface module , a 
( S108 ) to the network node the beam reciprocity parameter 65 memory module , and a processing module , wherein the 
comprises transmitting ( S108A ) to the network node a wireless device is configured to perform any of the methods 
control signal comprising the beam reciprocity parameter . according to any of items 1-8 . 
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18. A network node comprising an interface module , a invention , and it will be made obvious to those skilled in the 
memory module , and a processing module , wherein the art that various changes and modifications may be made 
network node is configured to perform any of the methods without departing from the scope of the claimed invention . 
according to any of items 9-16 . The specification and drawings are , accordingly to be 

The use of the terms “ first ” , “ second ” , “ third ” and 5 regarded in an illustrative rather than restrictive sense . The 
" fourth ” , " primary ” , “ secondary ” , “ tertiary ” etc. does not claimed invention is intended to cover all alternatives , 
imply any particular order , but are included to identify modifications , and equivalents . 
individual elements . Moreover , the use of the terms " first " , 
“ second ” , “ third ” and “ fourth ” , “ primary ” , “ secondary ” , The invention claimed is : 
“ tertiary ” etc. does not denote any order or importance , but 10 1. A method for establishing beam reciprocity of a wire 
rather the terms “ first " , " second " , " third ” and “ fourth ” , less device , performed by the wireless device , wherein the 
" primary " , " secondary " , " tertiary " etc. are used to distin- wireless device is configured to communicate , using a set of 
guish one element from another . Note that the words “ first ” , beams , with a network node of a wireless communication 
" second " , " third " and " fourth ” , “ primary " , " secondary " , system , the method comprising : 
" tertiary ” etc. are used here and elsewhere for labelling 15 receiving , on one or more receive beams , one or more 
purposes only and are not intended to denote any specific downlink , DL , signals from the network node ; 
spatial or temporal ordering . Furthermore , the labelling of a determining one or more DL measurement parameters 
first element does not imply the presence of a second based on the received one or more DL signals ; 
element and vice versa . determining whether the one or more DL measurement 

It may be appreciated that FIGS . 1A - 5 comprises some 20 parameters satisfy a criterion ; and 
modules or operations which are illustrated with a solid line when it is determined that at least one of the one or more 
and some modules or operations which are illustrated with DL measurement parameters does not satisfy a crite 
a dashed line . The modules or operations which are com rion , indicating to the network node a beam reciprocity 
prised in a solid line are modules or operations which are parameter , wherein the beam reciprocity parameter 
comprised in the broadest example embodiment . The mod- 25 indicates a qualitative measure of one or more trans 
ules or operations which are comprised in a dashed line are mission beams of the wireless device . 
example embodiments which may be comprised in , or a part 2. The method according to claim 1 , wherein indicating to 
of , or are further modules or operations which may be taken the network node the beam reciprocity parameter comprises 
in addition to the modules or operations of the solid line transmitting to the network node a control signal comprising 
example embodiments . It should be appreciated that these 30 the beam reciprocity parameter . 
operations need not be performed in order presented . Fur- 3. The method according to claim 1 , wherein indicating to 
thermore , it should be appreciated that not all of the opera- the network node the beam reciprocity parameter comprises 
tions need to be performed . The exemplary operations may generating an uplink , UL , beam sweeping . 
be performed in any order and in any combination . 4. The method according to claim 1 , the method com 

It is to be noted that the word “ comprising ” does not 35 prising : 
necessarily exclude the presence of other elements or steps transmitting , on the one or more transmission beams , one 
than those listed . or more UL signals to the network node ; 

It is to be noted that the words “ a ” or “ an ” preceding an receiving from the network node a beam reporting signal 
element do not exclude the presence of a plurality of such indicative of a transmission beam selected by the 
elements . network node or indicative of a beam correspondence , 

It should further be noted that any reference signs do not BC . 
limit the scope of the claims , that the exemplary embodi- 5. The method according to claim 1 , wherein the one or 
ments may be implemented at least in part by means of both more DL measurement parameters comprise one or more of : 
hardware and software , and that several “ means ” , “ units ” or a signal to noise ratio , SNR , a signal to interference and 
" devices ” may be represented by the same item of hardware . 45 noise ratio , SINR , and / or a received signal strength . 

The various exemplary methods , devices , nodes and sys- 6. The method according to claim 1 , wherein the one or 
tems described herein are described in the general context of more DL signals comprise one or more of a synchronization 
method steps or processes , which may be implemented in signal and / or a reference signal . 
one aspect by a computer program product , embodied in a 7. The method according to claim 4 , wherein the one or 
computer - readable medium , including computer - executable 50 more UL signals comprise a reference signal . 
instructions , such as program code , executed by computers 8. The method according to claim 1 , wherein the criterion 
in networked environments . A computer - readable medium comprises at least one threshold . 
may include removable and non - removable storage devices 9. A method , performed by a network node , wherein the 
including , but not limited to , Read Only Memory ( ROM ) , network node is configured to communicate , using a set of 
Random Access Memory ( RAM ) , compact discs ( CDs ) , 55 beams , with a wireless device via a wireless communication 
digital versatile discs ( DVD ) , etc. Generally , program mod- system , the method comprising : 
ules may include routines , programs , objects , components , transmitting , on one or more transmission beams and 
data structures , etc. that perform specified tasks or imple- according to a corresponding BC capability parameter 
ment specific abstract data types . Computer - executable indicating that no uplink , UL , beam sweeping is 
instructions , associated data structures , and program mod- 60 needed , one or more downlink , DL , signals to the 
ules represent examples of program code for executing steps wireless device ; and 
of the methods disclosed herein . The particular sequence of receiving a beam reciprocity parameter from the wireless 
such executable instructions or associated data structures device , wherein the beam reciprocity parameter indi 
represents examples of corresponding acts for implementing cates a qualitative measure of one or more transmission 
the functions described in such steps or processes . beams of the wireless device , and the beam reciprocity 

Although features have been shown and described , it will parameter is related to the beam reciprocity of the 
be understood that they are not intended to limit the claimed wireless device . 
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10. The method according to claim 9 , wherein receiving 14. The method according to claim 13 , the method com 
the beam reciprocity parameter comprises determining a prises transmitting to the wireless device a beam reporting 
radio resource management procedure . signal indicative of the one or more transmission beams 

11. The method according to claim 10 , wherein the radio selected by the network node . resource management procedure determined is UL beam 5 15. The method according to claim 9 , wherein the one or sweeping , the method comprising performing the UL beam more DL signals comprise one or more of a synchronization sweeping on one or more receive beams of the network signal and / or a reference signal . node . 16. The method according to claim 12 , wherein the one or 12. The method according to claim 11 , wherein perform more UL signals comprise a reference signal . ing the UL beam sweeping on the one or more receive beams 10 
comprises : 17. A wireless device comprising an interface module , a 

receiving , on the one or more receive beams , one or more memory module , and a processing module , wherein the 
UL signals from the wireless device . wireless device is configured to perform the method of claim 

1 . 13. The method according to claim 12 , the method com 
prises : 18. A network node comprising an interface module , a 

determining one or more UL measurement parameters memory module , and a processing module , wherein the 
based on the received one or more UL signals ; and network node is configured to perform the method of claim 

9 . selecting the one or more transmission beams based on 
the one or more UL measurement parameters . 
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